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* Introduction to climate predictions & their application
to key sectors of the society

* Predictability of seasonal forecast simulations

« Potential applications of climate predictions to
agriculture and water management. Related projects

* Preliminary results

e Conclusions
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RETROSPECTIVE ‘ WEATHER CLIMATE
FORECASTS | FORECASTS CLIMATE PREDICTIONS PROJECTIONS

Sub-seasonal Decadal
to seasonal

(1-15 days) (2 weeks-18 months) (18 months-30y)

Initial-value driven

Boundary-condition driven



Use of climate predictions in Europe
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M. Bruno Soares, S. Dessai / Climate Risk Management 10 (2015) 8-16
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A Transport
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Advance use

Aware and using

Moderate use Unaware and

potential use

Aware and
potential use

Use of climate information

Because prediction quality (skill) and reliability in Europe is low &

varies depending on:

(1) geographical area,
(2) time of the year
(3) the climate variable
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Seasonal forecast predictability @rc 9 s
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How can we predict climate for the coming season if we
cannot predict the weather next week?

The forecasts are based on the initial conditions of
the atmosphere, which is highly variable and
develops a chaotic behaviour after a few days

WEATHER
FORECASTS

The predictions are based on the initial conditions
N of the sea surface temperature, snow cover or
CLIMATE sea ice, which have a slow evolution that can
PREDICTIONS ’
range from few months to years
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TRADITIONAL APPROACH

Traditionally, the users apply retrospective climatology (i.e. the
average conditions of the last 30 years) in order to have an
estimation of the expected values of climate variables.

LIMITATIONS:

« Assumption that future conditions will be similar to past
conditions

« Based on a finite sample of events (limited in time, not fully
representative of what can happen in the future)

* Neglect atmosphere dynamics such as those caused by
climate change

« Can not predict events that have never happened before
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Sources of seasonal predictability @ Qux

ENSO is the most important source of predictability at seasonal timescales
(Doblas-Reyes et al. 2013). Other sources: the North Atlantic Oscillation,
etc.

(a) with Mar—May averaged GPCC V5 1.0 precipitation 1960:2009 (b) with Jun—Aug averaged GPCC V5 1.0 precipitation 1960:2009
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FIGURE 1| Correlation between the ERSST*® SST Nifio 3.4 index (average temperature over 5°N-5"S, 170°~120"W) and the GPCCv5*° gridded
precipitation over the period 1960-2009. (a) March to May, {b) June to August, (c) September to November, and (d) December to February.
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APPLICATIONS
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Climate service

Climate service for wind energy for insurance
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www.project-ukko.net

www.seasonalhurricanepredictions.org
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Potential applications

AGRICULTURE

- JHC Seasonal — food security

EUROPEAN COMMISSION

“pl. 7 GOBIERNO  MINISTERIO
S8 DEESPANA  DEECONOMIA
Al Y COMPETITIVIDAD

Interanual to decadal - wine

Gpernicus SECTEUR

User engagement and information
requirements — wine

e VISCA

Vineyard'’s integrated smart climate
application — seasonal to decadal - wine

A g
European Research Area
. : for Climate Services I N D E C I S

User-oriented climate indicators - wine
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WATER
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Anticipate and respond to future
hydrological extreme events

e @imateurope

Linking science and society

Support European initiatives for
better management of climate-
related risks
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Testing seasonal forecast for MARS: BSC and JRC are exploring how
the MARS Crop Yield Forecasting System (MCYFS) could ingest the
seasonal forecast for a future operational use

MARS approach

Winter Wheat
Phenology

Harvest

\/

B JRC

EUROPEAN COMMISSION

Crop growth simulation ‘ : ast

Source: Toreti, 2015. EUPORIAS
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Vineyard
Weather forecast Sub- Climate predictions Climate projections
Seasonal Decadal
seasonal
1-15 days 15-60 days 1-18 months 2-30 years 30-100 years
Applications Siting, choice of scion variety and

rootstock.

Assessment of water needs

Grow cycle

management

Pathogen pressure, abiotic stresses

Productivity, quality

Harvest date and duration
l

Adapted from: Antonio Graca, Sogrape Vinhos SA, 2014

Crop forcing

Wine style

Time
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Predicting the evolution of water reserves

Analisi de la situacio actual i previsio d'evolucio
Previsio a 1 d'octubre de 2016 d'evolucio de les reserves al sistema Llobregat
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Els valors representats corresponen al darrer dia del mes.

Source: Catalan Water Authority (ACA)
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PRELIMINARY RESULTS
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Which type of information?

Source:
Below normal (%) Normal (%) Above normal (%) Marco Turco,

| | | | (|5 H BSC
40 55 70 85 100 40 55 70 85 100 40 55 70 85 100

« ECMWEF-54 precipitation forecast for MJJA 2016 (init. April).

* Most likely precipitation category (below-normal, normal or above normal) and
its percentage probability to occur.

« White areas (over land): probability <40 % and approximately equal for all three

categories. 15
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Probabilistic predictions e O
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But this information needs to be compared to a reference model, i.e.
climatology (average conditions over the last recent years, ~30 years)

Source:
Below normal (%) Normal (%) Above normal (%) Marco Tu Ico,
| | | | | [N ssc
40 55 70 85 100 40 55 70 85 100 40 55 70 85 100

» Grey areas: where the climate prediction model doesn’t improve the climatology.
In this areas, the model has no skill

16
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Summer correlation map for seasonal temperature and precipitation over Europe

2m-temperature

GloSeab NCEP MeteoFrance

«  Period: 1992-2012 Source: Niti Mishra, BSC

* Prediction: Summer June-July-August (initialized in May 1)
* Observations: temperature/ERA-Interim; precipitation/Global Precipitation Climatology Project
» Darker areas: regions where the correlation is significant 17
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Skill of multi-model mean © = Qs

Correlation map for seasonal temperature and precipitation over Europe - Average

Winter (DJF) 2m_temperature Summer (JJA)
2 ) r 4y 2 . 4

« Temperature: better
predicted in Summer

HHHHE

* Precipitation: the
guality of the prediction
changes for the
different seasons and
according to the
geographical area

Source: Niti Mishra, BSC

Period: 1992-2012

Prediction: Summer June-July-August (initialized in May 1)

Observations: temperature/ERA-Interim; precipitation/Global Precipitation Climatology Project
Darker areas: regions where the correlation is significant 18
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Recommended: a weighting of all of them

Winter (DJF) 2m_temperature Summer (JJA)

* Whereas some models
can predict better in
some regions, other
models would provide a
better prediction for
some other regions

* A weighting of all
models recommended

W Glosea5 ™ ECMWF = NCEP ™ MF Source: Niti Mishra, BSC

* Period: 1992-2012

* Prediction: Summer June-July-August (initialized in May 1)

+ Observations: temperature/ERA-Interim; precipitation/Global Precipitation Climatology Project

« Darker areas: regions where the correlation is significant 19
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« Some climate-sensitive sectors routinely use weather forecast up
to 15 days. Beyond this time horizon climatological data are
used. However, climatology approaches assume that future
conditions will be similar to past conditions and are based on a
finite number of past events. Climatological approaches are
therefore, unable to predict events that have never happened
before, I. e. extreme events.

« Climate predictions have some skill in predicting climate
anomalies. However, over Europe poor forecast skill is currently
observed, especially regarding seasonal rainfall forecasts.

« However, preliminary results detected a window of opportunity
(forecast skill) locally over southern and eastern Europe. This
level of skill may be useful for sectors impacted by climate
variability, such as water management and agriculture.

20
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Thank you!

For further information please contact
marta.terrado@bsc.es
albert.soret@bsc.es
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Whatis ENSQO?

Normal conditions £ Nifo conditions
£l Ni tion

Thermocline

Upwelling
Upwelling

 Naturally occurring variation in climate in
the tropical Pacific region between
abnormally warm (EI Nifio) and abnormally
cold (La Nina) conditions

» Oscillation of the of the ocean-
atmosphere system with important
consequences for weather across the globe

EL NINO AND LA NINA

Forecasters say a El Nino weather
pattern may develop later this year

EL NINO (the boy)
An irregular event
of abnormal
warming of Pacific
waters. Occurs at
intervals of two o
seven years

Temperature °C*

LA NINA (the guirl)
A cold episode that usually
follows the warm EI Nino
phenomenon. The warm
equatonal ridge cools,
between the coasts of
South America and
Oceania

GLOBAL EFFECTS OF EL NINO
Areas most consistently aflected

W Wetter M Dryor B8 Warmer

* SST, Sea surface tomperature according to the Reynoids method

S'."v"f(} »‘l.\j’."‘ '\"‘5-"‘, ’:.)'\\I,J'J _”-‘_l.'lf‘,]\.' .'r.( l.l,_-.‘r"-“:\.".."-'..;y L',‘l_‘,l.'.’\,’" In ‘\'--"-"\'r'"l"? 5',53’:.,,:

Effects on chimate

The warm currents
flowing towards the
east displace the
cooler currents to
Cceania. Rainfall
occurs over central
and eastern
Pacific, and
drought in
Indonesia and
Australia

Currents
contribute to form
a warm pool in
Oceania, increase

| rainfall in Asia and

Australia, lower
the temperature on
the American
coasts, and
increase andity

S REUTERS
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NAO Index

Mild, wet
Storms

Winter Winter

(a) Positive phase (b) Negative phase
® 2007 Thomson Higher Education
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Source: https://probabilisticforecasting.wordpress.com

« Initial condition perturbation
» The ensemble spread gives information about the prediction error
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Sources of predictability
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. North Atlantic Oscilation
(NAO)

. ELNino Southern
Oscillation (ENSQ) —

. Soil Moisture
. Snow Cover

. Anthropogenic Green House
Gases (GHGs)

. General Circulation Models
_ Statistical Models

Manthly sea surface temperature Nifo 3.4 Index Values
2.5 2005
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0.0
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T T T T
Jul Sop Mo Jan Mar May Jul Sep How

T T T T T 1
Mar  May  Jul
M Clir s

T
Jan

Source: hitp:/ fwww.ecywa gov

26




EXCELENCIA
Barcelona SEVERO

Types of variables & start dates

Centro Nacional de Supercomputacion

Start date May Start date August

Anomalies

Ndays>q90

-1 058 04 03 02 01 0 01 02 03 04 Q5 1

FIGURE 6 | Corelation of the ensemble mean of the predictions of total monthly precipitation, the 90th percentile of the daily precipitation and
the number of days in a month where the precipitation is larger than the 90th percentile of the climatological distribution of the month of August for
the 3-month (May start date, forecast time 4 months, left column) and zero-month (August start date, forecast time 1 month, right column) lead time
seasonal predictions of the perturbed-parameter DePreSys system. The predictions were performed over the period 1960-2005 and verified against
the E-Obs data set’" interpolated bilinearly on the DePreSys arid.

Source: Doblas-Reyes et al. (2013) 27



Bias correction/downscaling
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Perfect prognosis approach:

 In the training phase the statistical model is calibrated using
observational data for both the predictands and predictors
(e.g. reanalysis data)

* Typical techniques: transfer functions, analogs, weather
typing, weather generators, etc. (Maraun et al. 2010)
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Source: José M. Gutiérrez, University of Cantabria
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